
PELLAGRA THERAPY.
By JULIAN Mi. RUFFIN, A.B., M.A., 'M.D., A-ND

DAV"ID T. SMITH, A.B., M.D..
From Department of -Medicine, Duke University School of Medicine,
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This report is basedl on a study of 251 patients suffering fromi
pellagra. All the patients were hospitalized and studied under con-
ditions where the effect of different types of treatment could be
evaluated.

The routine hospital diet with its abundiance of red meat, milk,
fresh fruit an(l vegyetables is inherently a pellagra curative diet anti
cannot be used if one wishes to measure the curative effect of any
specific type of treatment. Early in 19131. we devised a diet similar to
that which the patients were consuming at the time the svmptoms of
pellagra appeared. This dliet, which will be referred to as the Standard
Biasic Diet -No. 1 (Table 1), was even more deficient in the vitamin B1
complex than the d'et with which Goldberger producedI pellagra.'" Bv
supplementing the diet with the other known vitamins and minerals
we& hoped to obtain a deficiency which was limited to the pellagra pre-
v,,entive factor of (;oldberg,er.

Patients, having the characteristic dermatitis of pellagra over the
exposed surfaces of the body, and one or miore constitutional symp-
toms, of the disease, such as glossitis, anorexia, diarrhea, nausea, vomit-
ing, abdomiinal pain, or miental disturbances were hospitalized and fed
the deficient diet. Usuially the patients were kept on the deficient diet,
without treatment, from 31 to 10 days to evaluate the status of the dis-
ease. Treatment was started as soon as it became evident that the
dlisease was progressing. In nearly all instances the skin lesions im-
proved. This was true regardless of whether the general symptoms
were growing progressively worse or retrogressing. A similar observa-
tion was made by Spies II,-`? who employed an even more restricted diet.

The patients who were apparently improving on the basic diet.
withouit specific tre-atment. were tested with graded exposures to sun-
lig,ht. One arm or leg wvas exposed to the direct rays,z of the sun on
three or four consecuitive days. The initial exposure varied from 15 to

192



PELLAGRA THERAPY

+1 + +

I+

i ,c6 C

0 00Id i)

0 4r'=r'- -

.9-0 090
oooo6

0'~

00 00

9
00

0. o

I-

oC0 \C --
Cl) Vf) in) --

8 -08

- if) I'l

- 1- C1) _)

(Ni 0' to-

0f
(N 0 0)0

* -4-40

193

9
05
0'l
00

00

00

0

Qd

0)
Z4-

4)
o 4-)

Cd t..0 w
;-4 10 -,

Cd >-.u =
4-i
od m

r.
v -,4-)
0 b.
W -,

IZ64
4-)
-6j 1-1

r. bbcd --.,

v

Q

-.4
4-i
w

..!t

01 (in

0

0'
CV

9

0'

+

r-1
+t
±

+r±0+1
+
±l+4
+

00

0

00Or)

0'

~0

0

H

. 0 'I
*00 00
*if) in)

ir

C')6

00 : C-

's

bo.

Cd

0 d
QE--l Qu

0)

0

. C"i

.
-4



194 ~~JUILIAN M. RUFFIN AND DAVID T. S-I\11TI-I

30 minutes and the maximum time of exposure never exceeded two
hours.,2 A definite dermatitis developed over the exposed areas in
34 of the 81 pellagrins testedI (42 per cent). In 10 patients the derma-
titis was producedI on apparently normal skin which had previouslyI
l)een protected by clothing. Two patients showed an accentuation of
the constitutional svmptoms without the development of a dermatitis
following exposure. Among, the 36 l)atients who were reactivated by
exposure to sunlight there was an increase in anorexia in 21, diarrhea
in 21, glIossitis in 27. nausea and vomiting in 10, and dementia devel-
ol)ed in 4. Neither cutaneous lesions nor greneral symptoms occurred
in any of these 36 patients after re-exposure to maximum doses of
sunlig,ht following a(lequate treatment.

In the group of 81 pellagrins exposed to direCt sunlight, 45 failedl
to develop either local (lermatitis or constitutional symptoms. All the
patients in this group recovered completely while subsisting upon the
deficient diet. Similar. spontaneous recoveries have been reportedI by
Mlatthews)5 andI by Svdenstricker and his associates.0 It is obvious
that any attempt to test the efficiency of a curative substance in t-his
ty7pe of patient would have been futile.

Our efforts to evaluate the curative miaterials have been restricted
to those patients (1) who were growing rapidly worse while subsisting
on the basic (leficient diet and (2) those who wiere reactivated by
exposuire to (lirect suinliglht while under observation in the hospital
an(I maintaine(l on the (leficient (liet. The criteria of cure were a

l)roml)t disappearance of all signs an(l symptoms of the (lisease and
the demonstration by controlled exposure that the patient was no
longer susceptible to the (leleterious effects of sunlight.

YEAST ThElRAPY.
Goldberg,er',s introduction of yeast as a miethod of preventing

an(l curing pellagra served to emphasize the dietary etiologyv of the
disease. Yeast, huwvever, is nut a very effective treatment fur the
critically ill pellagrin. In a series of patients studied by Blackford2
at the University of Virg,inia, there wvas very little, if any, difference
in miortality or duration of the disease between the group which re-
ceived the uisual hospital diet and those which received in addition a
(laily supplement of yeast.
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LIVER EXTRACTS.
The use of liv,,er extracts in the treatment of pellagra was intro-

dluced by VoegtlinV' in 1914. While good results were reported, this
form of therapy was not employed widely until many years later,
probably due to the fact that liver extracts were not readlily available
until they were prepare(l commercially for the treatment of pernicious
anemia. In 1930, Goldberger and Sebrell" showed that experimental
blacktongue in (logs couldI be prevente(l and cuired by a pow(lered
extract of liver (Lilly's 343). T'wo years later Boggs andl Padgret" re-

porte(l that this powderedi extract was very effective as a supplement
to a wxell-rounded hospital diet. This powdlered extract will cure pel-
lagra when the patient is un(ler controlled conditions andi subsisting
on a (leficient diet as shown by the studiies of Ruffin and Smith in
193)4~2 andI Fouts, and his associates in 1936.8'

Ruiffin andi Smith reported the use of an aqueous extract of whole
liver (solution of liver extract V-Nalentine N. N. R~.) in 1932,21 193421
and 13UThirty cc. of this extract was administeredI three times
each dlay for a period of 7 to 10 days. Rapid and complete recovery
wvas noted in 20 of 22 patients, and none relapsedI after exposure to
sunshine following treatment. The response to this therapy was

prompt an(l in many instances dlramiatic. The glossitis subsidled within
2 to 4 (laxvs the appetite retuirned after 3to .5 (lax's the (liarrhea
usually ceased within 7 to 10 (lax's; and the dementia frequently (lis-
appeared after 2 to 3) wieeks of therapy. WhVIen the (lementia had
existe(l for a mionth or longer, rarely, was any improvement noted.
althoug,h the other symptoms of pellagra (disappearedl promptly.

The beneficial effects of l)arenteral extracts in the treatment of
pellagra, when the patient is subsisting on a general diet, were first
reportedI by Ramsdell and Mlagness?2 in 1933. This was soon con-
firmied byT other obevr !1!iSpies-.'8- and his associates used
larg,e (loses intravenousIx' wvith (Iramatic results, andI hav'e reported a
redluction in mortality fromi 32 per cent to 6 per cent with this method
of therapy:8 However, it is important to note that these patients were
fedl a wNell balanced (liet', andI therefore their recovery cannot be at-
tribuited entirely to the liver extract. When the various parenteral
extracts, known to be effective in the treatmient of pernicious anemia.
wxere tested byT our methodI on known active cases subsisting on the
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dleficient diet thev wxere found to be onlv partially effective in induc-
ing, a remission. In a series of 23 pellagrins, the acute gylossitis sub-
sided promptly in 18. It was noted that the failure of the tongue to
improve occurred in tho-se patients receiving the extract from less
than 400 grams of liver. There was little if any improvement in the
appetite, even after enormous doses (derived from 4200 grams) of
liver extract, a result which is in sharp contrast to the effects of liver
extracts in the treatment of pernicious anemia andI sprue. No constant
effect on the diarrhea wvas observed, buit it was our impression that the
larger doses, given parenterally, usually resuilted in improvement. The
patients who showed marked improvement in the g,lossitis and some

improvement in the general symptoms promptly relapsed after expo-
sure to direct sunlight with dermatitis, glossitis, increased diarrhea and
frequently nausea and vomitingr. After treatment with the aqueous
extract of whole liver these symptoms promptly subsided and did not
recur with re-exposure to sunlight.

Additional studies showed that the residue left over after the
preparation of the parenteral fraction of liver was not effective in
curing pellagra in doses comparable to those of the whole aqueous
extract which were effective."2 This suggested the possibility- that there
were two or more factors in liver which were necessary for the cure of
pellag,ra. WNe were investig,ating this possibility with the codperation
of Dr. V. SubbaRow of Harvard when Elvehjem and his associates,-
discovered that nicotinic acid would cure experimental blacktongue.

NiCOTINic ACID THERAPY.
In September 1937 Elvehjem and his associates reported the cure

of experimental blacktonguie with nicotinic acid. Their results were
soon confirmed by other investigators.H1 Smith, Margolis and
MNargolis,11 found the drug, to be effective and harmless when admin-
istered orally, intramuscularly or intravenously and Dann and Subba-
Row demonstrated that nicotinic acid was inettective in the treat-
ment of so-calle'd 'rat dermatitis" and "chick dermatitis, which at
one time were considered analogous to human pellagra)

The originalI work of Elvehjem gave no indication of the minimal
dose or the range of effective doses. Margolis, Margolis and Smith";
treated 26 dogs in 35 acute attacks of experimental blacktongue and
compared the resuilts with those obtained in 18 dogs treated with the
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nmo,;t effective liv,,er fractions. The dailv dose employed in the dog
varie(l fromi 0.1 mgmn. to 10 mgm. p~er kilogramn of body weight. The
0.1 mgfm. close failed to cure and the 0.2 mgm. dose was slowlv effec-
tive. Doses of 0.5 mgm. resulted in rapid and dramatic cures, and
(loses twenty times as large (10 mgym.) were no more effective.

Tn an effort to determine the effect of large doses of nicotinic acid
in normial individuals, 13 medical students, who volunteered, were
selectedI for experimental study. Ten were given one gram of nicotinic
acid per day in capsules, divided into fouir dloses, and three were given
lactose in similar capsules, so that the student was unaware of what
he wa>~receivingy. The three controls experienced no reactions what-
ever. Each of the students taking nicotinic acid complained of flush-

ing, of the fa-ce and neck. However, much m'ore serious symptom-,
w ere notedl: marked mental depression, epigyastric distress, substernal
opprell-s,ion, headlache, nausea and v,omiting. Although the experiment
was planned for 10 days, five of the students felt so badly that they
stoppedl taking the capsules after the second day.

In contrast to these observations, Bean' reports that little or no
ill effects wiere noted after the use of large doses in normal individuals.
However, Sv,,denstricker and his associates ~' found that 0.25 to 1 gram
closes in normal controls produced dlefinite toxic symptoms similar to
those reported by uis. The observations made at Duke Hospital, and
those of Sv,denstricker', wouild indicate that nicotinic acid is definitely
toxic andl the indiscriminate use of large doses is to be avoidedi.

The beneficial effects of nicotinic acid in the treatment of human
p)ellagra w-ere demonstrated independently and simiultaneously by
four (lifferent groups of workers. Trhe first publishedl report showing
the potency of this material was by Fouts and his associates) in No-
vember 1937. On December 1S, 19137, there appearedI two communi-
cations,. one by Harris"/ and the other by Smith, Ruffin and Smith,>2,
reporting the effectiveness of nicotinic acid in pellagra. Spies, Cooper
and lBlankenhorn," reported a series of 17 cases in February 19138.
Since then there have been numerous reports of the successful use of
nicotinic acid in the treatment of pellagra.lId)./lIs.?~1,

It is interestin(y to note that closes of 500 to 1000 mgm. per day
were emiployTed by F'outs and his associates, by Harris, and by Spies.
Cooper and Blankenhorn. In contra-st to these large doses, the patient
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reporte(l by Smith. Ruffin and Smith recovered promptly after the
administration of only 70 mgm. per day, or 1.L mm per kilogram.
Even this apparently small dose is three times the dog curative dose
(0.5 mgm.) reported by MN,argolis, MNargolis and Smith.'"; The efficacy
of the small dose treatment has been confirmied by subsequent studies
at Duke Hospital and by Frances, Bates, Barker, and Matthews'I
of the Johns Hopkins Hospital.

From November 1, 1937, to September 1, 1939, 141 patients
with pellagra have been studied at the Duke Hospital. All the pa-
tients in this gyroup had the characteristic dermatitis and one or more
constitutional syTmptoms. However, 73 of these were either mild or
subsiding cases and were not included in this stuidy. The remainingf
68 patients were hospitalized. Twenty-two of the hospitalized patients
had complicating diseases rendering them unsuitable for experimental
study, and therefore were fed an amplified diet. Eight of this group
were gYiven nicotinic acid, 30 to 80 mgym. daily, and all recovered.
Three were given both nicotinic acid and liver extracts and promptly
recovered. Eleven were treated with variouis extracts of liver. One
patient in this gyroup was moribund on admission andI another died of
generalized l)eritonitis. The other nine recovered.

The remaining 46 patients were fed a basic diet deficient in the
B complex (Table 2). In this group 23) patients improved on the basic
dliet and tailed to relapse after exposure to sunlight. They were then
fed an amplified (liet supplemented by nicotinic acid, and all made a
satisfactory recovery. The remaining 23 patients were considered as
active pellagrins and suitable for study. It should be emphasized that
of 141 paitienits sufjerinig from cli,iicalt pe/la gra, only 23 were founld
sulitable for- the rliticail evalutation of the therapeuttic efficacy of
nicotinic aicid.

RESULTS OF TREATMINENT WNITHiNICOTINic AcID.
The response to treatment with nicotinic acidI is prompt and in

manyr instances dramatic. WVithin 24 hours after the first dose the
fiery redness of the tongue disappears and ulcers beneath the tongue
and on the lips usually heal after 3' to 5) day's. The papillae will re-
a,enerate within 7 to 14 days.

The anorexia which is a very constant svmptomi in active pel-
lagTra disapl)ears within 13 to 5 days except in an occasional patient in
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whom other deficiencies, especially B1, co-exist. In these cases the
appetite may not return until the patient is given B, "- Occasionally
the anorexia (lisappears w'hile the patient is, receiving nicotinic acid
only to reappear some days later. The administration of B, at this
I)oint usually results in rapid improvement.2'1

Nausea and vomiting usually cease promptly after the adminis-
tration of nicotinic acid. Diarrhea subsides more slowly, requiring
5 to 10 days for complete recovery.

The first published report showing the beneficial effect of nico-
tinic acid in the treatmient of the psychoses of pellagra was by Smith,
Ruffin and Smith in December. 1937.,-', Similar results have been
obtained by other observers,"O',," notably Mlatthews'5 and Spies and
his associates.3

Patients with acuite psychoses of short duration usually respond
dramatically, to nicotinic acid therapy. Even patients who have been
completely disoriented and irrational may become entirely normal in
as short a period as 4 to 5 days. The results are dlecidedly better than
those obitained with liver therapy.

Nicotinic acid cures the cardinal symptoms of pellagra, but has
only an indirect effect, by stimulating the appetite, on the associated
secondary deficiencies.'-, Evidences of B1 (leficiency may appear
while the patient is taking, nicotinic acid as shown by our observa-
tions"2- and those of Spies.,'- The pellagrous seborrhea over the face
and the perl&che-like lesions in the corners of the mouth respond less
rapidly to nicotinic acid than to the whole liver extract,,suggesting
that theye are cau-sed primarily by other associated deficiencies in the
B., complex. Sebrell and B3utler's recent report indicates that the
p)erle'che lesions are caused by a riboflavin deficiency, since they failed
to respondl to nicotinic acid and were subssequently curedI by synthetic
riboflavin. 2-' The significance and etiology of the associated deficien-
cies in pellagra are being investigated at the present time.

The s,tudies, reported here indicate that nicotinic acid in small
doses dailyT (1.5 MgM. per kilogram) is very effective in the cure of
pellagra even when the patient is eating, a deficient diet. For the
routine treatment of pellagra as, a disease we recommend the use of
an adlequate diet supplemented with other supportive measures as
outlinedl in the next paragraph.
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Severely ill patients, especially those with cliarrhea and (lementia,
should be hospitalized invariably and treated as emergency cases. It
is a common observation that patients of this type, even though they
(lo not appear critically ill, may go into collapse and die within 24
hours. Probably the most important treatment in these cases is the
prompt administration of glucose and saline intravenously. Con-
tinuous saline infusions may also be necessary to combat the dehydra-
tion. The diet in this stage of the disease is of little importance, as
the acute glossitis, anorexia, nausea, and vomiting mav prevent the
ingestion of food or even of liqui(ds. Yeast is obviously of little value.
An aqueous liver extract (Valentine's liver extract), 30 cc. (1 oz.)
t.i.d., is effective if it can be retained. The best treatment for such
cases is the intravenous administration of nicotinic acid in doses of
approximately 100 mgm. per day. This is most conveniently given by
adding the nicotinic acid solution to the glucose ancl saline. This is
continued until the gastro-intestinal symptoms have subsided, and
then the patient is given a full liquid diet. After a few days a well-
balanced diet is given. XVhen the patient is able to eat, the intravenous
treatment may be discontinued and the nicotinic acid given by mouth,
100 mgm. once or twice daily.

In our experience it is not necessary to treat the local lesions of
pellagra. MIouth washes, wet dressings for the dermatitis, tincture of
opium, and bismuth for the diarrhea are not only useless but may be
actually harmful.

In a series of 251 patients treated in Duke Hospital, there have
been 18 deaths, or 7 per cent mortality. This includes 7 patients
who died either of pneumonia or generalized peritonitis. Since the
introduction of nicotinic acid, 4 patients out of 108 have died, a
imortality of 3.7 per cent. One of these was moribund on admission;
another died of a generalized peritonitis.
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DISCUSSION.
DR. THOMAS T. MlACWEL (New York, N. Y.): Mr. Presildent, I imiagcine vecry

fewv men w~ho arc wxorking in the North have anx, appreciation of the miagnitude
of this problem of pellagra, not only in our Southern States, hut in a -ood manv
other parts of the world. Despite the modesty with xvhich Dr. Smith referred to
the matter of priority anti specifically, the similarity of the dates of publication
c)f the original reports, I feel very stronglv, having folloxxved all this wNork very

closely myself, that Dr. Smith andi Dr. Ruffin are not given anything like the
credit Nxxhich is (lue them for a perfectIlx magnificent piece of work. Perhaps it
would he hetter to sav, as he intimated this morning, their observations on the
mechanism and treatment of pellac-ra have heen controlled, I think, far hetter
than most other studies. that have heen made andi published of this condition.

I wxould like to comment, if I max, very, briefly, upon the type of pellagra
wxhich we see in the North. I am inclined to think that one mav '.av, roughlx,
speaking, there are thiree -eneral tvpes: the endemic form, as Dr. Smith and
Dr. Ruffin see it in the South; the alcoholic p)ellae-ra, as one sees it in the North;
atnd then the pellagra xwhich I have seen most of, occur'ring as one of the mani-
festations of mixed deficiency, disease of other txypes. Certainly this latter eroup
is not comparable to the alcoholics. Certainly it is not comparable, either, in iits
total clinical picture nor in the actual sev~.eritv of the pellagra itself, to the form
wxhich is encountered in the South. I am not at all sure, howxever, that the
cndemic southern form of pellagra is quite as pure an entity etiologically as Dr.
Smith intimated this morning. For example, the lesions which occur at the corner
of the mouth have heen, I think, pretty, definitely shown to he a riboflav-in defi-
ciency and to clear up wvithin certainly five to sev-en days time on very small
dosage of crystalline riboflavin.

I would like to ask Dr. Smith whether in these cases xvith the mouth lesions
they have tried riboflavin therapeutically in addlition to their nicotinic acid, and
wvhether they have made any urinary studies.

DR. HARRY A. BRAY (Ray Brook, N. Y.) : I wouldi like to ask Dr. Smith
what are the factors of sunlight xvhich produce exacerbation of the disease.

DR. ERNEST B. BRA.DLEY (Lexington, Ky.) : Mr. Chairman, I didn't under-
stand exactly about the coramine. I couldn't hear very well. One patient, he
said, was given coramine. I didn't undierstandI wxhether that was instead of or

supplementary to the treatment with nicotinic acid.
DR. CHESTER Ml. JONES (Boston, Mass.) : I wouldI like to ask Dr. Smith a

question. I saxx som-e of these patients with him last spring and at the time I
had the impression that these lesions around the nose might also be associated
Nxxith riboflavin deficiency'. I wonder if he would say anything about that.

DR. DAxVIo T. STAi1TH (Durham, N. C.) MNr. President, Dr. Mackie has
been very kind in his discussion of the paper and I am glad he brought up the
question of the riboflavin. We have been making observations for several years
on the things I pointedi out as what we consider accessory lesions of pellagra,
because they are not constant. Those cracks in the corners of the mouth and
the sebaceous glands may showv definite improvement in three or four days xvith
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x east or liver, crude liver, and it is true that Dr. Sebrell has published data on
the production of cracks in the corners of the mouth under experimental condi-
tions in human beings and their healing in seven days to two weeks. I asked
him the question how he could with justification attribute to the pure crystalline
s;ubstance the sole etiology when it took longer for the pure material to do it
than when we were formerly curing them with crude material. His answer was
that he hadn't given enough, he had only given 5 or 7 milligrams. We have been
givingg 50 milligrams and they heal; but I am still worried about it for the reason
that the patient who developed this under our eyes, eating a deficient diet,
healed with no treatment but nicotinic acid. It took him twice as lone- as it would
have with yeast or liver, suggesting that it was the increased appetite, the in-
(reased utilization of materials already in the basal diet which he wasn't getting
because he wasn't eating enough.

Recently we have had a chance to trY unc patient with purc B,, synithictic B~,,
wxith cracks in the corners of the mouth, and that patient made a 50 per cent
improvement in twenty-four hours, and we have it recorded on the film. I
wxouldn't believe it otherwise. But I suspect that there is a riboflavin element in
it. There may also be a B6 element nece-,sary and there may also be a nicotinic
aci(l element necessary, because nicotinic acid has been given before the ribo-
flavin was given to show that it wasn't a nicotinic acid deficiency, but it ought to
be also done the other way around, because we may have a combination effect.

Dr. Bray asked how the sunlight lights up these pellagrins. I don't know.
WAe can make a good case by analogy by photosensitivity; the fact that porphyrins
in the body, increased porphyrins, make a patient susceptible to sunlight is sup-
p)ortedl in the case of pellagra by some studies at Duke and some by Rhodes at
the Rockefeller Institute, who has demonstrated increased porphvrin secretion or
excretion in the urine and stool. So that it is very tempting to say the problem
is v-ery simple, that the pellagrin doesn't oxidize out his normal porphyrins the
way a normal individual does and they accumulate in his skin, and then he gets
out in the sunlig,ht and the sun liffhts him up. Then you treat him with liver or
nicotinic acicl and restore his oxidativ,,e mechanisms to normal, andi then he no
lon-er has any porphyrin to light him up). But that is very much on the specula-
tive side and not proven.

Dr. Bradlev asked about coramine. Coramine was the sole treatmient of
these patients. lt wvas used as a substitute for nicotinic acidi because thle chemical
formula. of coramilne show~s that it is nothing more than nicotiniic acid amide
wxith two extra ethyl groups hitchedI on to it. We ha've assayed the coramine
c.arefully in cdogs, the same as xve dii wvith the nicotinic acid, and found that 10
p)cr cent of the coramine is as effective as nicotinic acidl. It has many cllinical
advxantacres over nicotinic acid. It doesn't produce the vilolent blu'.hin- reactioni
the p)atients get w,ith niicotiniic acid. It is much more soluble, so 3 cc. of the
miaterial intramuscularly is enough per (lay. It is available in northern hospitals
an(l around over the country already, sterile and ready for injection in the way
niicotinic acid is not commonly av-ailable.

Dr. Jones mentionied the nose lesion wvhich I partly cov-ered in answxering
I)r. Mackie. We are still wNorking- on it wvith the newxer material , like pure ribo-
f1laxvin ancl pure B.- We hope to be able to findi out which one or wxhich conmbina-
nation is the cause of it.
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